Hybridomas secreting monoclonal antibodies (MAbs) specific for the surface protein (SU) of feline immunodeficiency virus were generated. Four MAbs were obtained which could be assigned to two groups based on their neutralization and competition behaviour. Using SU protein fragments expressed in Escherichia coli the antigenic site recognized by one of the MAbs (2H11) could be mapped to the c terminus. The neutralizing MAb 1El did not bind to any of the SU protein fragments and was directed to a conformational epitope. Binding of the MAb 1El to native SU protein could be blocked with a rabbit serum raised against the SU3 fragment (amino acids 361 to 445). These data indicate that at least part of the epitope is located on this SU3 domain. In competition experiments most sera of naturally infected cats were able to inhibit binding of the MAbs. This shows the conserved and immunodominant nature of the epitopes involved.
Feline immunodeficiency virus (FIV) is a lentivirus that causes a disease in cats characterized by the development of opportunistic infections as a consequence of an acquired immunodeficiency; this disease syndrome is known as feline AIDS (Pedersen et al., 1987) . The pathogenesis, dynamics of the host immune response and nature of the clinical symptoms resemble infection with human immunodeficiency virus type 1 (HIV-1), the cause of AIDS in man (Ackley et al., 1990; Barlough et al., 1991; Egberink et al., 1992; Ishida & Tomoda, 1990; Siebelink et al., 1990) . Therefore FIV infection in cats has been proposed as an animal model for AIDS with respect to the pathogenesis, development of vaccines and antiviral chemotherapy (Egberink et al., 1990 a, b; Jarrett et al., 1990) . FIV is also an important pathogen in feline medicine, necessitating the development of efficacious vaccines and reliable diagnostic assays.
A detailed analysis of the structure and function of the FIV surface protein (SU), gp 100, is important for several reasons. The SU protein is most likely to contain the site involved in binding of the virus to the cell receptor as well as antigenic domains eliciting a protective immune response. In HIV-1 various regions of the SU protein have been identified that evoke type-specific or more broadly neutralizing antibodies (Weiss et al., 1986; Berkower et al., 1989; Prince et al., 1987) . Neutralizing antibodies can also be detected in the sera of FIVinfected cats (Tozzini et al., 1993) . In a previous study we have shown that an anti-SU protein response could be detected in all seropositive cats tested (Egberink et al., 1992) . In some cats anti-SU protein antibodies were the only ones found and it is therefore important to include the SU protein in assays used for routine diagnosis.
The SU protein shows a high degree of amino acid sequence variation (Rigby et al., 1993) ; study of conserved and variable domains is necessary for vaccine development and also for the development of second generation diagnostic assays based on recombinant DNA products or peptides. To define antigenic domains on the SU protein we generated SU protein-specific monoclonal antibodies (MAbs). In this report we describe the characterization of MAbs specific for two antigenic domains on the SU protein of FIV.
To generate an SU protein-specific antibody response, outbred Swiss mice were immunized three times at 0, 10 and 20 weeks with an inactivated whole virus preparation in alum/oil adjuvant. Swiss mice were used since they showed a superior anti-SU protein immune response compared to BALB/c mice (E. Verschoor, unpublished results). A final booster immunization was given at 27 weeks with a SU protein-enriched preparation consisting of matrex cellufine sulphate (MCS) affinity chromatography-purified FIV from the culture supernatant of CRFK cells persistently infected with the isolate FIV-UTll3. Three days after the final boost, spleen cells of a Swiss mouse were fused with P3X63-AG8. 653 mouse myeloma cells. The screening of the hybridomas was performed using a concanavalin A 0001-2015 © 1994 SGM (Con A)-env ELISA. This ELISA was performed essentially as described by Robinson et at. (1990) . Greiner high binding microtitre plates were coated with 5 lag Con A per well to bind the glycosylated SU protein.
Triton X-100-1ysed culture supernatants of FIV-UT113-infected CRFK cells, containing the SU protein, and mock-infected CRFK cells were used as an antigen source. The plates were washed and treated with 10 % fetal calf serum (FCS) in DMEM (blocking buffer). Undiluted hybridoma supernatants were added and binding of antibodies was detected by using horseradish peroxidase (HRPO)-labelled goat anti-mouse immunoglobulins in blocking buffer. Subsequently, hydrogen peroxide and the chromogen tetramethyl benzidine (TMB; Sigma) were added. The reaction was stopped by adding 2 M-H~SO~ and the absorbance was measured at 450 nm. A supernatant was considered positive if the absorbance of the FIV-coated wells was more than twice that of the mock-infected wells.
Positive hybridomas were selected and subcloned twice. Four gpl00-specific clones were obtained, as confirmed by a Western blot (WB) using the MCSpurified FIV protein (Egberink et al., 1992) . Three of the MAbs were of the IgG1 isotype and one of the IgG2b (1El) isotype as determined by Ouchterlony double diffusion tests (Table 1) . The MAbs were also tested in a neutralization assay. Hybridoma supernatants and ascitic fluids (1El), inactivated for 30 min at 56 °C and diluted in DMEM containing 2 % FCS and antibiotics (maintenance medium), were mixed with 100 TCIDso of FIV-UT113. Positive and negative cat anti-FIV sera and culture medium were included as controls. The mixture was incubated for 1 h at 37 °C and subsequently added to subconfluent monolayers of CRFK cells in 96-well plates. After overnight incubation the wells were rinsed three times with PBS and maintenance medium was added. After 4 days of culturing the supernatants were collected and assayed for viral p24 production by an antigen capture ELISA similar to the assay described by Tilton et al. (1990) . The ELISA was developed using our own p24-specific MAbs and was shown to be as sensitive as a reverse transcriptase assay (L. Keldermans, unpublished results). Neutralization was scored positive at > 90% inhibition of p24 production. The MAbs 1El and 7El were able to neutralize FIV-113 (Table 1) .
To test the MAbs in a competition ELISA, 1El and 2H 11 were purified by sodium sulphate precipitation and labelled with peroxidase or biotin respectively. Microtitre plates were coated overnight at 4 °C with 250 ng purified cat anti-FIV antibodies in PBS. After washing with PBS containing 0.05 % Tween 20, the plates were blocked with PBS containing 5 % newborn calf serum and 0-05 % Tween 20 for 1 h at 37 °C. Culture supernatants of FIVinfected CRFK cells were lysed in 0.1% Triton X-100, diluted in blocking buffer and added to the plates, followed by an incubation of 1"5 h at 37 °C. Different dilutions of hybridoma supernatant were mixed with a standard dilution of MAb 1El and 2H11 that had been conjugated with HRPO or biotin respectively and added to the plates. The correct MAb concentration had been determined on the same plates without the addition of the competing antibodies. After 1 h of incubation with the HRPO-conjugated antibody the plates were washed and incubated with the substrate and TMB. The biotinlabelled antibody required an additional incubation with streptavidin-HRPO. Only the competition of the binding of MAb 1El and 2Hll was determined. In the competition ELISAs MAb 7El competed with the binding of 1El and MAb 7E4 with 2H11, in addition to the homologous reaction (Table 1) . These competition experiments indicate that the MAbs 1El and 7El recognize an epitope different from the one recognized by 7E4 and 2H11. Although recognition of overlapping epitopes or induction of allosteric changes by the competing antibody cannot be excluded, the neutralization and competition experiments probably indicate that the MAbs recognize at least two different epitopes on the SU protein.
To localize the antigenic domains recognized by the MAbs two approaches were used. First the antigenic sites were mapped using SU protein fragments of FIVUTll3 expressed in Escherichia coli. Overlapping SU protein fragments expressed in E. coli downstream from and in frame with the N-terminal part of galactokinase (galK) were examined (Fig. 1) . The cloning, expression and purification of the latter proteins was performed following standard procedures (Chiang et al., 1989; Krone et al., 1988) . As shown in Fig. 2 , 2H11 bound only to the expression products SU6 and SU4-6. The protein SU6 differs from SU5 only by the presence of 13 extra Cterminal amino acids, indicating that the epitope is located at the extreme C terminus, near the cleavage site between the SU and transmembrane proteins. MAb 1El showed no specific reaction with any of the expression products. By using WB with SU protein fragments expressed in E. coli, linear rather than conformational epitopes should be detected.
To investigate the possible specificity of 1El for a conformational epitope, a dot immunoblot was performed using native and denatured proteins of MCSpurified FIV-UT113 (Fig. 3) . The proteins were de- natured by boiling for 2 rain in a solution containing 2 % SDS and 5 % 2-mercaptoethanol and were spotted onto nitrocellulose strips (0.45 lam pore size; Schleicher & Schuell) together with the native protein. The strips were dried, saturated in phosphate gelatin buffer (PBS containing 0.1% Triton X-100 and 0.05% pig skin gelatin) and subsequently incubated for 1.5 h with the undiluted hybridoma culture supernatant of 1El, 2H11, a hybridoma 4D2 which does not recognize FIV, and with an anti-FIV cat serum. Strips were washed in gelatin buffer and goat anti-cat HRPO or goat anti-mouse HRPO was added. After another hour of incubation and subsequent washing of the strips, hydrogen peroxide and chromogen 4-chloro-l-naphthol (Sigma) were added. The reaction was stopped by rinsing the strips in water. The feline anti-FIV serum bound to both preparations although the strongest reaction was seen with native protein. As expected, MAb 2H 11 reacted with both the 
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native and denatured protein whereas MAb 1El showed a more specific binding to the native protein (Fig. 3) . This indicates that the epitope recognized by 1El is probably conformational rather than linear, although the SU protein from MCS-purified virus was also recognized on WB. However, this is probably due to a partial renaturation during the WB procedure and incubation of the nitrocellulose strips. MAb 1El also reacted with the SU protein that had been deglycosylated by endoglycosidase H treatment, which indicates that it recognizes the protein backbone rather than the sugar moiety (data not shown).
The second approach to identify the epitopes involved competition experiments using rabbit sera that had been generated against the overlapping SU protein fragments. The binding of both conjugated MAbs was assessed in the presence of different dilutions of the rabbit serum in an ELISA system. The ELISA was performed as described for the competition of the MAbs. As expected, binding of 2H 11 was blocked by a rabbit serum specific for SU6 but not for SU5. Interestingly, binding of the neutralizing monoclonal 1El was inhibited by a rabbit serum specific for SU3. This rabbit serum also neutralizes FIV-UTll3 (Table 1; De Ronde et al., 1994) . These results indicate that at least part of the epitope is located on this SU3 domain and suggest that the SU3 domain contains neutralizing antibody-inducing epitopes. Recently, both linear and conformational neutralization epitopes have been located in this region (Lombardi et al., 1993 ; De Ronde et al., 1994) . However, inhibition of binding of 1El due to steric hindrance or by a change in conformation of the epitope cannot be completely ruled out.
The competition ELISA was also used to investigate whether cats mount an antibody response against the epitopes recognized by 2Hll and 1El. In sequential serum samples of experimentally infected cats, antibodies competing for 1El and 2H11 binding were found as early as 2 to 3 weeks after infection. In a previous study these cats had been shown to seroconvert against the SU protein of FlY 2 to 4 weeks after infection (Egberink et al., 1992) . Sera of naturally FIV-infected cats were also screened: 46 out of 53 positive sera, as shown by WB, blocked binding of 1El and all positive serum samples competed with the binding of2H 11 (Table 2 ). In contrast, none of the 29 FIV-negative serum samples inhibited binding of either MAb. These results support the notion of a conserved and immunodominant epitope that is recognized by 2H11. Moreover the 13 C-terminal amino acids were shown to be recognized by cat sera as a major antigenic site in an ELISA using galK-SU~env fusion proteins as antigen (De RoMe et al., 1994 ). An antigenic site at a similar position has also been identified using synthetic peptides (Avrameas et al., 1992) . In HIV-1 the C-terminal part of the SU protein was also shown to be antigenic (Palker et al., 1987) .
Our results indicate that the SU protein carries two antigenically conserved and immunodominant domains. The use of these domains in serological assays can facilitate the detection of cats that show only an anti-SU protein response. Furthermore, the epitope recognized by the neutralizing MAb could be important as a component of an efficacious vaccine against FIV.
